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SEALING PROCESS FOR TWO WAFERS WITH FORMATION OF A PURE 
RESISTIVE CONTACT BETWEEN THEM 

DESCRIPTION 

5 TECHNICAL DOMAIN AND PRIOR ART 

The invention relates to a sealing process 
for two wafers made of semiconducting materials, for 
example made of silicon, with the formation of a pure 
resistive contact between the two wafers. 

10 In the literature, two waf'er's " ~a'rer~ sealed 

with the formation of a pure resistive contact .by 
depositing a metallic layer, . for example as described 
in the document by J. "Haisma entitled « Contact 
Bonding, Including Direct-Bonding in a Historical and 

15 Recent Context of Materials Science and Technology, 
Physics arid Chemistry », .Materials Science and 
Engineering, 37, 2002, p. 1-60. Other options include 
eutectic sealing, together with brazing ' or the 
formation of a silicide through a layer of deposited 

20 metal as described in the article by Z. X. Xiao et al. 
entitled « Low Temperature Silicon Wafer to Wafer 
Bonding with Nickel Silicide, Journal . of the 
Electrochemical • Society, ' 145, 1998, p. 1360-1362. 

All these techniques require the prior 

25 deposition of a metallic layer. It is not. easy to bond 
a metallic layer to a semiconducting support and 
particular technological steps are necessary that make 
sealing more complex. Surface preparation of this 
metallic layer is also necessary (particularly its 

30 surface chemistry and roughness) . 
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Therefore, the problem arises of finding a 
new sealing process for wafers of semiconducting 
materials and particularly silicon wafers, that 
eliminate all these additional technological steps, and 
5 particularly avoiding the deposition of a metallic 
layer. 

PRESENTATION OF THE INVENTION 

The process ' according to the invention 
comprises a step for implantation of metallic species 

10 in at least one first substrate, an assembly step with 
a second substrate by molecular bonding, and an 
annealing step or the formation of a conducting or a 
metallic compound (s) between the implanted metallic 
species and the material (s) from which the substrates 

15 are composed or resulting from these implanted species 
and this or these materials. 

A conducting compound can be formed from 
annealing or a heat treatment at a temperature equal to 
at least the temperature at which the compound (s) is 

20 (are) formed. 

Semiconducting wafers, for example silicon 
wafers, are preferably implanted by metallic species at 
a very shallow depth (a few nanometers) and at a dose 
of between a few 10 14 and a few 10 18 species/cm 2 or 10 19 

25 species/cm 2 . 

The implantation depth can be reduced by 
making _the implantation through a surface layer formed 
on the substrate to be implanted, or to thin the 
implanted substrate after implantation. 
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The implantation can be positioned through 



a mask. 



After . implantation, the surface of the 
wafer is assembled onto another wafer by molecular 
5 bonding. 

The structure obtained is annealed, 
preferably at the formation temperature of a conducting 
compound between the implanted metal and the 
material(s) at the surface of the two substrates to be 
10 assembled. Since the implanted zone is sufficiently 
close to the surface, formation of. this (these) 
conducting compound(s) will then be induced and 
molecular bonding will be modified by the presence of 
this (these) conducting compound(s). 
15 The bonded materials may . be silicon or 

semiconducting materials other than silicon, provided 
that the implanted species forms a conducting compound 
with the surface material (s) of the substrates to be 
assembled, during the subsequent heat treatment. In 
20 particular, the semiconducting material may be one of 
the Si, GaAs , SiC, InP, Ge, SiGe... materials. The two 
bonded materials may be of different nature. 

If there is any implantation in the two 
.wafers, the implanted species may be different for the 
25 two wafers, the implantation conditions may be 
different on different wafers. 

The implantation may be done using 
different species in the same wafer, with implantation 
conditions that may be different for different species. 
30 The compound obtained for the pure 

resistive contact may be of the refractory, type, which 
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is. advantageous particularly for subsequent processes 
to be performed at high temperature (for example growth 
by epitaxy) . 

One of the substrates may be thinned after 
5 bonding and before or after annealing, using one. of the 
following conventional techniques or a combination of 
these techniques: burn-in or grinding, polishing, 
chemical etching, ionic etching, etc. 

One of the implanted substrates . may be a 

10 heterostructure, . or an assembly of at least two 
structures comprising two different materials, for 
example . of the SOI (Silicon on insulator) type. In 
particular, the surface layer may be composed of one of 
the above mentioned semiconducting materials. This 

15 heterostructure can be thinned after assembly and 
before or after annealing to leave only its surface 
layer on the other substrate (for example, the silicon 
surface layer for an SOI substrate) . This surface 
layer may itself contain or cover a layer of circuit 

20 made before assembly. 

The heterostructure may be thinned by 
conventional thinning techniques mentioned above. 
Advantageously, the heterostructure will include a 
buried or non-buried layer that is selective with 

25 regard" to the chosen thinning process. For example, 
for SOI type het erostructures , the buried silicon oxide 
layer can act as a stop layer, for example for chemical 
etching. Other stop layers could be provided in the 
heterostructure, for example an SiGe layer or a doped 

30 silicon layer. For example, it would also be possible 
to benefit from selectivity to etching of glass with 
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respect to silicon in a silicon on glass type 
heterostructure . 

In another advantageous embodiment, the 
heterostructure will be « debondable » and. will then be 
5 thinned by « debonding.» of the said heterostructure. 
In particular, the « debondable » ' nature could be 
obtained by assembly of two substrates at a bonding 
interface for which the bonding energy is low. For 
example to obtain such an interface, it vjould be 

10 possible to perform molecular bonding between two 
surfaces with controlled roughness as described in the 
article by Hubert Moriceau et al. « The Bonding Energy 
Control: an Original Way to Debondable Substrates ». 

One of the substrates may comprise a 

15 weakening layer or plane, for example obtained by the 
implantation of gaseous species or by prior formation 
of a buried porous layer. One of the two substrates 
that comprises this weakening layer can then be 
thinned, for example after assembly of these two 

20 substrates, for example by causing a fracture at the 
separation zone. 

There are many advantages of the process 
according to the invention: 

Firstly, the invention includes the 

25 possibility of creating a pure resistive contact with 
any metal that can be implanted in the substrate and 
forms a conducting compound with the materials of the 
substrates to be assembled." 

• Furthermore, the wafers may be bonded by 

30 molecular bonding, with the formation of a pure 
resistive contact without needing to control either the 



deposition of a metal layer (roughness, crystalline 
structure, bond of the deposit, etc.), nor the 
chemistry of its surface (cleaning, oxidation, etc.). 

It would be possible to bond wafers with a 
pure resistive contact onto the entire interface, or to 
bond wafers with a pure resistive contact located in 
predefined zones, for example by masking during 
implantation or using a hybrid surface composed of 
insulating zones and conducting zones. 

Finally, it is possible to reduce ' the 
thermal budget necessary to reinforce bonding between 
the • two semiconducting substrates assembled by 
molecular bonding. For bonding of two substrates, for 
example made of silicon, by conventional molecular 
bonding, prior art includes a method of creating a 
strong bond by applying heat treatments on the 
assembled structure at temperatures of more than about 
500°C, as described for example in the book by Tong- 
Gosele « Semiconductor Wafer Bonding », 1998, The 
Electrochemical Society Series, John Wiley & Sons, Inc. 
In the case according to the invention, if at least one 
of the silicon substrates is implanted for example with 
Pd ions, bonding will be reinforced at the temperature 
at which Pd 2 Si is formed, in other words about 150°C. 
The result is thus strong bonding (Si/Si in the 
example) without the need for a heat treatment at high 
temperature . 

The invention also relates to a structure 
composed of two substrates made of semiconducting 
materials assembled by molecular bonding and with local 
zones of metallic compounds at the assembly interface. 
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For example, the semiconducting materials 
may be chosen from among Si, GaAs, SiC, InP, SiGe. 

At least one of the substrates may be a 

heterostructure . 
5 The metallic compounds may be alloys made 

-from semiconducting materials of substrates at the 
assembly interface and at least one metal chosen from 
among nickel, palladium, cobalt, platinum, tantalum, 
tungsten, titanium, copper, etc. 
10 in one particular embodiment, at least one 

of the substrates is a thin film. 

At least one of the substrates may comprise 
electronic and/or optical and/or mechanical components. 

For example, one of the substrates is a 
15 thin silicon film comprising RF circuits, and the other 
substrate may be made of a high resistivity silicon. 

BRIEF DESCRIPTION OF THE FIGURES 

- Figures 1A - 3 show steps of various 
processes according to the invention; 

20 _ Figures 4A - 6B show examples of the use 

of different processes according to the invention; 

- Figure 1 shows an SOI. substrate. 

DETAILED PRESENTATION OF EMBODIMENTS OF THE INVENTION 

A first process according to the invention 
25 and variants of this process will be described with 
reference to Figures 1A -■ 1C et 2A - 3. 

In a first step, atomic or ionic species 4 
are implanted close to the surface (the top surface) 6, 
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but under this surface, in at least one wafer 2 made of 
a semiconducting material, for example silicon. 

Several techniques can be used for this 

purpose . 

5 According to a first technique, one or 

several metallic species 4 are implanted, for example 
nickel and/or palladium and/or titanium and/or cobalt 
and/or tantalum and/or platinum and/or tungsten and/or 
copper, etc., at a very, low energy, directly in at 
10- least one of the substrates to be assembled, for 
example silicon: this is the case shown in Figure 1A. 
The low energy used for the implantation assures a 
shallow average penetration depth Rp into the substrate 
2, typically a few nm, for example between 5 nm and 
15 10 nm. 

According to another technique (Figure 2A) , 
the metallic ions mentioned above are implanted with a 
higher energy than before, therefore at a higher 
average depth Rp (for example between 10 nm and 20 nm) 

20 and the thickness of the silicon film separating the 
surface 6 from the implanted zone is reduced, for 
example by etching, or mechanically or by etching- 
mechanical attack, or by plasma etching, or by laser 
ablation, or by an ion beam, or by a combination of 

25 these techniques and/or techniques conventionally used 
in microelectronics. A thickness e is thus eliminated 
(Figure 2B) which correspondingly reduces the depth of 

the implanted zone. 

According to one variant (Figure 3), an 
30 ionic or atomic implantation is performed through a 
thin sacrificial layer 10, for example silicon oxide 
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that is eliminated after implantation, for example by 
etching in 1% HF (hydrofluoric acid) . This limits the 
depth of the implanted zone in the substrate to be 
assembled. 

The implantation may be ionic, using 
various plasma techniques, or implantation by 
withdrawal and/or Ion Beam Mixing. It may be done at a 
temperature other than ambient temperature. 

A ' second step is the assembly step 
(Figure IB) to assemble the wafer or the substrate 
prepared- according to one of the techniques described 
above, and a second wafer or a second substrate 12- made 
of a semiconducting material, for example also made of 
silicon. The surfaces of these wafers 2, 12 may be 
assembled by hydrophilic or hydrophobic bonding. 
Further information about -these- techniques can be 
obtained for example by referring to the book by 
Q. Y. Tong and U. Gosele « Semiconductor Wafer 
Bonding » (Science and Technology), Wiley Interscience 
Publications. Bonding is then done by molecular 
bonding. 

For example, the surfaces can be made 
hydrophilic for silicon using' a CARO type chemical 
cleaning (mix of H 2 So 4 and H 2 0 2 , for example in the 
ratio of 2:1 at 140°) and SCI (mix of NH 4 OH : H 2 0 2 : H 2 0, 
for example in the ratio 1:1:5 at 70°), or hydrophobic 
by cleaning terminated by HF treatment (for example 
using 1% diluted hydrofluoric acid) . 

Furthermore, surface preparation 

techniques, for example such as plasma activation using 
capacitive coupling, for example reactive ionic etching 



« RIE » and inductive coupling (for example after glow 
type etching or chemical dry etching) can be used. 
These techniques are used firstly to thin the substrate 
to which they are applied as already describe above 
with reference to Figure 2B, and/or secondly to 
activate species that are on the surface of the 
substrate. For example, the plasma may be activated 
with gases like oxygen, argon, nitrogen, hydrogen, SF 6 , 
CF 6 , CF 4 , CHF 3 , etc., alone or in combination. . 

Similarly, the mechano-chemical polishing 
technique that combines the advantages of thinning and 
preparation of wafer surfaces can be used. 

For the third step (Figure 1C) , the 
structure is annealed after bonding, preferably at 
least at the temperature at which a conducting compound 
is formed resulting - from the material of the substrates 
and the implanted metal, for example to form one of the 
silicides of the' implanted metal if the two substrates 
to be assembled are made of silicon. This temperature 
may for example be of the order of 350°C for nickel 
silicide (NiSi) . This temperature depends on the 
metallic compound to be formed. Refer to reference 
tables, like the reference table by A. Nicollet and S. S 
Lau for metal silicide compounds (VLSI Handbook p. 422, 
1985) to determine this temperature. 

The implanted species will then diffuse and 
interact to form a conducting compound 20 close to the 
bonding interface 16 and therefore modify the bonding 
interface. This compound reinforces the assembly of the 
two substrates. 
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The second substrate (reference 12 in 
Figure IB) may be a substrate of the same nature as the 
substrate 2, or even a substrate or wafer identical to 
the substrate or the wafer 2. It may also be implanted 
5 with metallic ions or atoms, identical or different to 
those implanted in the substrate 2. 

According to another embodiment, the 
substrate 12 and/or the substrate 2 may be 
heterostructures, for example of the SOI type. 
10 As illustrated in Figure 7 , an SOI (Silicon 

on Insulator) structure typically comprises a silicon 
layer 80 made . on a buried layer 82 of silicon oxide 
that is itself supported on a silicon substrate 84, the 
silicon substrate acting as a mechanical support. Such 
15 structures are described, for example , in the book by 
. S,.-....,.S.. - Iyer et al . entitled « Silicon Wafer Bonding 
Technology », INSPECT/ 2002. 

Typically, in the SOI example, the 
thickness of the layer 80 is between a few nanometers 
20 (for example 10 or 50 nm) and few hundred micrometers 
.(for example 100 or 150 yim) . 

The insulation layer 82 may be between a 
few nanometers and a few tens of micrometers thick, for 
example 2 0 \im. 

25 ' Such an SOI substrate can be assembled with 

an SOI or other substrate, at least one of these two 
substrates being implanted according to. this invention, 
as illustrated in Figure IB: the SOI surface layer 80 
is then assembled in contact with the upper face of the 

30 substrate 2. 
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SOME EXAMPLES ARE GIVEN BELOW: 

Example 1 : Ni + ions are implanted in a 
silicon wafer 2 covered by a film 10 of silicon oxide 
(Figure 3) with a thickness of 5 nm, at a dose of 
2 x 10 17 ions/cm 2 and an energy of 10 keV. According to 
the SRIM-2000 simulation software, the implantation Rp 
is located' at a depth of about 12 nm and about 7 nm 
from the" silicon surface. After implantation, the 
silicon oxide 10 is withdrawn and a second wafer 12 
made of implanted or non-implanted silicon (Figure IB) 
is bonded directly. A siliciding annealing is done at 
about 300°C to form the Ni 2 Si silicide 20, that will 
form up to and beyond the bonding interface 16 (Figure 
1C) . 

In one variant of this example, an 
intermediate layer (for example amorphous silicide) 
could be deposited on. the . implanted substrate after 
implantation. The thickness of this layer will be 
chosen to be compatible with the formation of the alloy 
at' the bonding interface. If necessary, this 

intermediate layer . could then . be thinned before 
bonding. For example, this layer could be chosen to 
facilitate bonding "by molecular bonding. 

Example 2 : Ni+ ions are implanted directly 
in- a .silicon wafer 2 at a dose of 3 x 10 17 ions/cm 2 and 
at an energy of 10 keV (Figure 2A) . According to the 
SRIM-2000 simulation software, the implantation Rp is 
at a depth of about 13 nm. The silicon is etched to 
bring the implantation Rp close to the surface, for 
example with an SCI type chemical solution (see above) 
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until the implantation RP is close to the surface 
(Figure 2B) , for example at a depth of the order of 
5 nm. A second wafer 12 made of silicon is then bonded 
directly (Figure IB) . The next step is a siliciding 
annealing at about 300°C so as to form an Ni 2 Si 
silicide that will then be formed up to and beyond the 
bonding interface 16 (Figure 1C) . 

A variant of this example consists of 
making all . or part of the surface layer of the 
substrate 2 amorphous. Amorphisation of the material 
-(in this case silicon) will facilitate diffusion of the 
implanted species in this material. If the amorphous 
material is present on the surface, diffusion to the 
interface will be facilitated. There are several 
possible techniques for making the surface part of the 
substrate 2 amorphous. A layer of amorphous material, 
for example amorphous silicon that can be thinned if 
necessary, can be deposited before and/or after 
implantation on the silicon substrate. The next step 
is to -implant ions, for example Ni+ as in the previous 
example. The implantation may take place in the 
amorphous layer or in the initial substrate, depending 
on the thickness of the amorphous layer. The assembly 
step with the second substrate and the heat treatment 
step can then be carried out to create a metallic 
compound up to and beyond the interface, Ni 2 Si silicide 
in the example. The substrate surface 2 can also be 
amorphised by implantation using techniques known to 
those skilled in the art, for example by hydrogen 
implantation. This implantation may be local or global 
over the entire surface of the substrate. It may be 
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done before or after implantation of metallic specie's 
according to the invention, this implantation of 
metallic species possibly also participating in all or 
some of this amorphisation step. 

Example 3 : One variant of example 2 

consists of implanting the Ni + species at a dose of. .2. x 
10 17 ions/cm 2 and an energy of 10 keV. According to the 
SRIM-2000 simulation software, the implantation Rp is 
at a depth of about 13 nm. The silicon is etched, for 
example with an SCI type chemical solution, until the 
implantation RP is close to the interface (Figure 2B) , 
so as to bring the implantation Rp close to the 
surface. The next step is an argon plasma treatment 
before bonding to reinforce the molecular bonding 
energy at low' temperature. Once -bonded, the structure 
is annealed at the temperature at which the silicide is 
formed so as to form the Ni2Si silicide, which will be 
formed up to and beyond the bonding interface (Figure 
1C) . 

Example 4 : Ni + ions are implanted' in two 
silicon wafers, each at a dose of 2 x 10 17 ions/cm 2 and 
an energy of 10 keV. According to the SRIM-2000 
simulation software, the implantation Rp is at a depth 
of about 13nm in each wafer. Each of the wafers is 
etched, for example using an SCI type chemical 
solution, bo as to bring the implantation Rp close to 
the surface of each wafer. The next step is to bond 
the two wafers to each other. This is followed by a 
siliciding annealing at about 750°C so as to form the 
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NiSi2 silicide which will be formed at the bonding 
interface of the bonded wafers. 

Example 5 : It is required to bond two 
5 wafers with a pure resistive local contact. Ni + • ions 
are implanted in a silicon wafer covered by a silicon 
oxide layer 10 (5 nm thick) at a dose of 2 x 10 17 
ions/cm 2 and an energy of 10 keV, through an 
implantation mask 30 (Figure 4A) . The result is thus a 

10 locally implanted substrate according to zones 32, 34. 
The implantation Rp according to the SRIM-2000 
simulation software is at a depth of about 12 nm and is 
about 7 nm from the silicon surface. After 
implantation, the silicon oxide 10 is removed and a 

15 second implanted or " non-implanted silicon wafer 12 is 
bonded directly (Figure 4B) . The next step is 

annealing at about 750°C that will be used firstly to 
form the NiSi 2 silicide in two local zones 42, 44 and 
that will also be used to reinforce the silicon : silicon 

20 bonding at the other zones (Figure 4C) . 

One particularly interesting structure 
resulting from the process that has just been described 
is illustrated in Figures 4D. It is composed of a high 
resistivity silicon substrate "40 (for example obtained 

25 using the so-called floating zone technique for sorting 
by zone fusion) and a thin film 41 made of silicon 
comprising RF components 43, 45 (for example at the 
surface) , the interface 47 between the substrate and 
the thin film locally comprising a metallic compound 

30 (for example made of nickel silicide) obtained by the 
process according to the invention, this metallic 
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compound 51 acting as a ground plane. In this 

structure, the thin silicon film 41 may be derived from 
thinning of an SOI or a silicon substrate. The RF 
components 41, 4 3 may be made before and/or after the 
5 formation of the metallic compound depending on v the 
compatibility of these processes (particularly related 
to their thermal budget aspects) . 

Example 6 : This example is a variant of 

10 example 5. The substrate 2 comprises local insulating 
zones 48, 50 on its surface, for example made of Si0 2 
(see Figure 5A) . The next step, is to implant Ni+ ions 
in this substrate at a dose of 2 x 10 17 ions/cm 2 and an 
energy of 10 keV (see Figure 5B) . The result is 

15 implanted zones 54, 56 for which the implantation Rp is 
at a depth of about 13 nm in. the - silicon (outside 
insulating zones) and above the silicon surface in the 
insulating zones 48, 50. The next step is to remove 
the portion of insulator that projects above the 

20 surface 57 of silicon, and possibly part of the silicon 
outside the insulating zones (see Figure 5C) , for 
example by mechanical-chemical polishing. The result 
is thus a plane surface 59 that can be bonded by 
molecular bonding to another wafer 52, for example a 

25 silicon on insulator (SOI) wafer (see Figure 5D) . " The 
next step is a siliciding annealing at about 750°C, so 
as to form the NiSi 2 silicide 62 that will be formed 
close to the bonding interface and will reinforce 
bonding outside siliciding zones 48, 50. The next step 

30 is to eliminate the silicon 51 (back face) from the SOI 
wafer 52, up to the silicon oxide 55. As a variant, if 
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the wafer 52 is made of solid or is a wafer of bulk 
silicon, this wafer will be thinned using conventional 
techniques described above. The result in • both cases 
is a thin film 61, partly on the insulator 48, 50 and 
5 partly on the .conducting zones 62 (see Figure 5E) . 
Therefore this embodiment can be used to obtain a 
locally conducting interface. 

Example 7 : This example is. a . variant of 

10 example 6.' An SOI wafer 52' comprising circuits already 
made in or on the layer .61 is assembled with an 
implanted wafer 2, comprising local - insulating zones 
(Figure 5D) . In this case, the face facing the • 

implanted silicon wafer 2 is a processed film 61, for 

15 example a circuits layer, for example covered by 
amorphous silicon deposited for example by sputtering. 
The silicon layer 61 with its layer of circuits may 
also have been transferred firstly onto an intermediate 
handle layer, this layer then being used for a second 

20 transfer onto the wafer 2: in this case, the facing 
face of the wafer 2 made of implanted silicon is the 
silicon layer 61, with its circuits layer above it. 
The next step is a siliciding annealing at about 750°C 
to form the silicide NiSi 2 , that will be formed close to 

25 the bonding interface. This heat treatment also 

reinforces bonding outside the siliciding zones. The 
next step is to eliminate the silicon 51 (back face) 
from the SOI wafer 52 and the 'silicon oxide 55. The 
result (Figure 5E) is a processed thin film 61, partly 
30 on the insulator 48, 50 and partly on the conducting 
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zones 62. Similarly, a debondable heterostructure . 
could be used instead of the SOI wafer 52. 

Example 8 : This is a variant of the two 
examples 6 and 7. It consists of bonding a wafer 72 
(Figure 6A) prepared to be able to detach a surface 
layer 71 (processed or not) from a substrate 73, for 
example using the substrate fracturing technique such 
as the smart-cut method or for example a technique 
using a "stop "layer 7"5 in the structure, instead of an 
SOT. This stop layer may be epitaxial in nature (SiGe, 
doped Si,, etc.) , or it may be porous (porous Si, etc.) 
or amorphous (SiN4, etc.). 

After assembly, annealing and fracture of 
the wafer 71, the result is the structure in Figure 6B. 

Preparation of the wafer 72 to detach a 
surface layer from it may comprise an atomic or ionic 
implantation, for example of helium or hydrogen ions, 
forming a weakening thin layer 7 5 that extends 
approximately parallel to a surface 77 of the substrate 
73 (Figure 6A) . It thus forms a layer or a weakening 
plane or a fracture plane 75. 

The fracture can then be made using the 
smart-cut technique, an example of which is described 
in the article by A. J. Auberton-Herve et al. « Why Can 
Smart-Cut Change the Future of Microelectronics? » 
published. in the International Journal of High 
Speed Electronics and Systems, Vol. 10, N°l (2000), 
p. 131-146. 

Other methods may be used to form a 
weakening plane, for example by the formation of a 
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porous silicon layer like that described in the article 
by K. Sataguchi et al. « ELTRAN® by Splitting Porous Si 
layers », Proceedings of the 9th International 
Symposium on Silicon-on-Insulator Tech. and Device, 99- 
5 3, The Electrochemical Society, Seattle, p. 117-121 
(1999). 

Example 9 : Pd+ ions are implanted in a 
silicon wafer at a dose of 2 x 10 17 ions/cm 2 and an 

10 energy of 10 keV according to one of the techniques 
described above (for example see Figure 2A) . The 
implantation Rp is at a depth of about 13nm. The 
silicon is etched, for example with a chemical SCI type 
solution until the implantation Rp is close to the 

15 surface (Figure 2B) . The next step is to directly bond 
a second silicon wafer (Figure IB) . The next step is 
siliciding annealing at about 200°C so as to form the 
Pd 2 Si silicide close to the bonding interface 
. (Figure 1C) . The advantage of the technique is that 

20 the silicon-silicon bonding reinforcement temperature 
can be lowered to the siliciding temperature (in this 
case 200°C) , while- a "'heat- treatment would normally . have 
to be done at a temperature of more than 500°C. 

25 Example 10: The invention can be used in 

substrates made of different materials. For example, 
the following procedure could be used to assemble a 
silicon wafer with a GaAs wafer according . to the 
invention: Pd+ ions are implanted at least in one of 

30 the wafers, for example in the silicon wafer at a dose 
of the order of 3 x 10 17 /cm 2 . The next step is assembly 
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of two wafers by molecular bonding followed by 
annealing, typically at about 200 °C. The next step is 
to provoke- the formation of Pd 2 Si in the silicon and 
Pd 4 GaAs in the GaAs wafer. These two metallic 

compounds are then sealed according to the invention. 

Other metallic elements, also with a 
relatively low formation temperature of a conducting- 
compound (originating from the alloys with the 
substrate material) could be selected for example using 
reference tables already mentioned above. 

The invention can be used with two 
implanted substrates., for example according to one of 
the techniques described above with reference to 
Figures 1A - 3. The assembled substrates may be made 
of different materials with implantations of different 
species, and the same substrate may be implanted with 
different species. 

The techniques mentioned above such as 
substrate assembly techniques, substrate fracturing 
techniques and SOI components are described in the book 
by S. S. Iyer et al. « Silicon Wafer Bonding 
Technology » INSPEC, 2002. . 
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